Dispersive liquid -liquid microextraction (DLLME) coupled with gas chromatography -mass spectrometry (GC -MS) has been developed for preconcentration and determination of tramadol, ((+ + + + +)-cis-2-[(dimethylamino)methyl]-1-(3-methoxyphenyl)cyclohexanol -HCl), in aqueous and biological samples (urine, blood). DLLME is a simple, rapid and efficient method for determination of drugs in aqueous samples. Efficient factors on the DLLME process has defined and optimized for extraction of tramadol including type of extraction and disperser solvents and their volumes, pH of donor phase, time of extraction and ionic strength of donor phase. Based on the results of this study, under optimal conditions and by using 2-nitro phenol as internal standard, tramadol was determined by GC -MS, and the figures of merit of this work were evaluated. The enrichment factor, relative recovery and limit of detection were obtained 420, 99.2% and 0.08 mg L 21 , respectively. The linear range was between 0.26 and 220.00 mg L 21 (R 2 5 0.9970). The relative standard deviation for 50.00 mg L 21 of tramadol in aqueous samples by using 2-nitro phenol as IS was 3.6% (n 5 7). Finally, the performance of DLLME was evaluated for analysis of tramadol in urine and blood.
Introduction
Tramadol is one of the most powerful acting synthetic analgesics with m-opioid receptor agonist activity (1) , which has been indicated to alleviate moderate to severe pain (2) . Several medical case reports and numerous literatures have reported the abuse potential of tramadol and even mortality cases (3 -7) . Tramadol is known as a dangerous or limited-access drug in many countries.
Tramadol hydrochloride is ((+)-cis-2-[(dimethylamino)-methyl]-1-(3-methoxyphenyl)cyclohexanol -HCl) as shown in Figure 1 .
The molecular weight of tramadol hydrochloride is 299.9. It is soluble in water with a pK a value of 9.41. The racemic tramadol is easily absorbed through oral ingestion. About 60% of the dose takes part in the metabolic reactions, while 30% of the dose is seen in urine as an unchanged drug (8) .
Tramadol analysis has been reported in several studies during past decades. Tramadol in biological samples has been determined using the fluorometric detection method (9 -11) , gas chromatography with nitrogen-selective detection (12) , GC with flame ionization detection (13) , gas chromatographymass spectrometry (GC -MS) (14 -16) , HPLC-fluorescence (17 -21) , HPLC with UV detection (22 -24) , diode array detection (25) and mass spectrometry detection (26 -28) . Methods involving capillary electrophoresis (29, 30) or LC-MS (31, 32) and LC-MS/MS (33) were also reported.
In this research, dispersive liquid -liquid microextraction (DLLME) was used for preconcentration and extraction of tramadol from water and biological samples. DLLME is introduced by Assadi et al. in 2006 (34) and has two steps. (1) Rapid injection of a mixture, containing suitable volumes of disperser solvent and extraction solvent, into aqueous solution of the analyte in order to form cloudy solution. By appearing this cloudy point, the interactions between the analyte and very fine droplets of the extraction solvent would be increased and consequently the analyte would be transferred to the extraction phase rapidly.
(2) The extraction solvent is collected at the bottom of the conical test tube after the centrifuging. This method has some advantages that include achieving the equilibrium state quickly, high enrichment factor and recovery, having less environmental effects because of using some microliters of an extraction solvent and finally introducing more simplicity and lower cost. In this research, an attempt made to consider the ability of the DLLME procedure for analyzing tramadol in forensic medicine and human pharmacokinetic studies.
Experimental process
Reagents and sample preparation All the reagents of analytical grade were used without further purification. Tramadol, 1(RS,2RS)-2-[(dimethylamino)methyl]-1-(3-methoxyphenyl)cyclohexanol, was supplied from Amin Company (Isfahan, Iran). Chloroform, carbon tetrachloride, chlorobenzene as the extraction solvents, as well as methanol, ethanol, acetone as the disperser solvents, and also trichloroacetic acid and NaCl were supplied from Merck (Darmstadt, Germany). Sodium hydroxide, NaOH, was purchased from Farabi Company (Iran). All of the working standard solutions were prepared with doubly distilled water. A fresh 10.00 mg L 21 aqueous standard solution of tramadol was prepared in doubly distilled water every week. These solutions were held in a refrigerator at 48C and far from light. All stock and standard solutions of tramadol were stable for 3 months at this temperature (13, 17) .
Instrumentation
In this research, GC -MS analyses were performed on HP 6890 system, coupled with a HP MD 5973 quadropole mass spectrometer. The compounds were separated on a HP-5MS capillary column (30 m Â 0.25 mm i.d. Â 0.25 mm film thickness). Splitless injection was employed. The column oven temperature was programed to rise from an initial temperature 1008C (1 min) to 2808C at 208C min 21 and was maintained at 2808C for 15 min. The injection temperature and ion source temperature were 250 and 2308C, respectively. Helium with the purity of 99.999% was used as a carrier gas at the flow rate of 1.0 mL min
21
. The ionizing energy was 70 eV. All data were obtained by collecting with the full-scan mass spectra within the scan range 40-500 amu.
The MS spectra obtained in total ion current (TIC) mode was compared by the reference spectra in the mass spectral library Wiley 275. To achieve the best sensitivity in analyzing the real samples, selected ion monitoring (SIM) mode was performed for detecting m/z 58, 263 for analyte and m/z 139 for internal standard (IS).
DLLME
In a 10-mL screw cap glass test tube with a conic bottom, 5.00 mL of a tramadol solution with the concentration of 50.00 mg L 21 at pH 12.0 was poured. A mixture of 30.00 mL carbon tetrachloride as an extraction solvent and 1.00 mL ethanol as a disperser solvent was prepared and was rapidly injected into the aqueous solution by a 2.00 mL syringe. As a result of this injection, cloudy point will be formed. The cloudy solution was left for 3 min and then it was centrifuged at 5000 rpm for 3 min. The floating above solution was taken away and then, 2.00 mL of lower layer was injected into GC by a microsyringe to detect tramadol.
Results
There are different factors that affect the extraction process. Some of them are selection of suitable extraction solvent, selection of suitable disperser solvent, pH, time of extraction and also the salt effect. It is very important to optimize them in order to obtain the good recovery strategy forms.
By using the optimized parameters and the following formulas [Equations (1) and (2)], the enrichment factor and the recovery could be achieved:
where EF is the enrichment factor, C sed and C 0 refer to the analyte concentration in the lower layer and in the aqueous solution, respectively.
To calculate C sed , a calibration curve was gained by injecting directly organic standard solutions (0.50 -3.00 mg L 21 of tramadol in carbon tetrachloride).
where R% refers to the recovery, V sed is the volume of lower layer and V aq is the initial aqueous solution volume.
Selection of extraction and disperser solvents
Extraction solvents applied in the DLLME procedure must have the characteristics as follows: Having density higher than water to be collected at the bottom of conical bottom test tubes, being insoluble in water, the high ability to extract the analyte from aqueous solutions and a lower melting point than analytes (35) . On the other hand, it is important for a disperser solvent such as methanol, ethanol and acetone, to be soluble not only in water but also in an extraction solvent. In this study, all combinations of chloroform, carbon tetrachloride and chlorobenzene (as extraction solvents) and methanol, ethanol and acetone (as dispersive solvents) were applied one by one, to approach the best mixture of extraction and disperser solvents.
Test tubes each containing 5 mL aqueous solutions of 50.00 mg L 21 tramadol were provided. In addition, combinations of the extraction and disperser solutions were made where each mixture contained 40.00 mL of the extraction solvent and 1.00 mL of the disperser solvent. Each time, one of these mixtures was rapidly injected into the aqueous solutions by a 2.00 mL syringe. The results of these combinations are demonstrated in Figure 2 .
According to the results, the mixture containing carbon tetrachloride and ethanol resulted in the highest recovery percentage.
Evaluation of the volume of extraction solvent
To evaluate the effect of the extraction solvent volume, different volumes of carbon tetrachloride as extraction solvent (20.00, Figure 1 . Chemical structure of cis-tramadol (a) and trans-tramadol (b). Figure 2 . Effect of type of extraction and disperser solvent on the peak area of tramadol in DLLME. Extraction conditions: sample volume, 5.00 mL; concentration of tramadol, 50.00 mg L 21 ; at room temperature.
30.00, 35.00, 40.00, 50.00 and 60.00 mL) were mixed by 1.00 mL of ethanol as disperser solvent. Each mixture was injected into 5.00 mL of an aqueous solution (containing 50.00 mg L 21 of tramadol). The results of this step are shown in Figure 3 .
As shown in Figure 3 , at a fairly low volume of extraction solvent, high enrichment factors and good recoveries are obtained. By using volume of carbon tetrachloride more than 30.00 mL, the enrichment factor would be decreased as it would be unable to extract the analyte and increasing the volume of the lower carbon tetrachloride layer, the extract would be diluted and the enrichment factor would decrease. Thus, the volume of 30.00 mL carbon tetrachloride was chosen as optimum point. Figure 3 . Effect of volume of tetrachloroform as extraction solvent on the peak area and on the enrichment factor of tramadol in DLLME. Extraction conditions: sample volume, 5.00 mL; concentration of tramadol, 50.00 mg L 21 ; disperser solvent (ethanol), 1.00 mL; at room temperature. Figure 4 . Effect of volume of ethanol as disperser solvent on the peak area and on the enrichment factor of tramadol in DLLME. Extraction conditions: sample volume, 5.00 mL; concentration of tramadol, 50.00 mg L
21
; extraction solvent (tetrachloroform), 30.00 mL; at room temperature. Figure 5 . Influence of sample pH on the DLLME process. Extraction conditions: sample volume, 5.00 mL; concentration of tramadol, 50.00 mg L
; volume of extraction solvent (tetrachloroform), 30.00 mL; disperser solvent (ethanol), 1.00 mL; sedimented phase volume, 11.80 + 0.3 mL; at room temperature. Figure 6 . Effect of the time extraction on the peak area, in the DLLME process. Extraction conditions: pH of donor phase, 12; and the other extraction condition as with Figure 5 . Figure 7 . Effect of the salt addition on the peak area in DLLME. Extraction conditions: time of extraction: 3.00 min; other conditions as with Figure 6 . Evaluation of the volume of the disperser solvent The effect of disperser solvent ethanol volume was studied over the range of 0.6 -1.1 mL. Different volumes of ethanol were used while the volume of the extraction solvent was kept constant. The results are shown in Figure 4 . As shown in Figure 4 , at lower volumes than the optimum, using ethanol ,1.00 mL, a cloudy point was not satisfactory at this condition. At higher volumes than the optimum point, the solubility of analyte in aqueous solution increased. Moreover, the recovery decreased before and after reaching the optimum volume of ethanol. Thus, 1.00 mL of ethanol gives the best result.
Effect of pH
Considering the pH effect on extraction analysis is more important when using acidic and basic medicines. Therefore, it is necessary to keep pH near isoelectric point of analyte to transfer to the extraction phase without being ionized (36) .
By adding the appropriate amount of 2.5 M NaOH into the 5.00 mL of aqueous solution of tramadol, the pH of the solutions was changed in the range of 10 -13. The results are shown in Figure 5 . As shown in Figure 5 , the optimum result was attained at pH 12.
Evaluation of extraction time
The time of extraction is one of the most important factors in extraction procedures, especially in microextraction methods such as SPME and LPME (37) . Extraction time in DLLME is defined as the time between the injecting the mixture of extraction and disperser solvents into the aqueous solution and centrifuging the sample. Figure 8 . The mass chromatograms of the blood samples, prior to (A) and after spiking tramadol at concentration level of 5 mg L 21 (B), after the DLLME process.
The extraction time was evaluated and optimized in this work, though, the DLLME procedure is very fast. The extraction was performed in the time period of 1.0-5.0 min keeping the other experimental conditions constant. The results obtained are expressed in Figure 6 . As shown in Figure 6 , the optimum time is 3.00 min.
Evaluation of ionic strength effect
Increasing the ionic strength could improve the extraction recovery in liquid-liquid microextraction, because of the salting-out effect (37) . In addition, by increasing the ionic strength, polarity of aqueous solution would be increased, and consequently, two aqueous and organic phases would be separated more confidently. Thus, the ionic strength effect was optimized in this research.
In order to evaluate the effect of ionic strength, three aqueous solutions (5 mL solution) containing 3, 5 and 10% NaCl (W/V %) and 50.00 mg L 21 tramadol were produced and extracted when the other parameters were kept at optimum conditions. The data resulted in this section are illustrated in Figure 7 . As shown in Figure 7 , increasing the ionic effect of donor phase decreased the peak area of tramadol.
Discussion

Figures of merit
Under the selected optimum experimental conditions, an acceptable calibration curve developed by preconcentrating Figure 9 . The mass chromatograms of the urine samples, prior to (A) and after spiking tramadol at concentration level of 5 mg L 21 (B), after the DLLME procedure.
5.00 mL aqueous sample solutions with different concentrations (0.26 -220.00 mg L 21 ) of tramadol. Three similar extractions were performed for each concentration to attain a more precise calibration curve. In this step, the following figures of merit were evaluated.
The calculated limit of detection (LOD) based on the signal to noise ratio (S/N) of 3 was obtained 0.08 mg L 21 . The linear range with the correlation coefficient (R 2 ) of 0.9970 was 0.26 -220.00 mg L 21 order of magnitude. As shown in Table I , the enrichment factor (C sed /C 0 ) under the optimized conditions was 420. The relative recovery of 99.2% was obtained. The relative standard deviation (RSD) was calculated from seven replicate determinations of a standard solution of tramadol (30.00 mg L 21 ) and obtained 3.6%. The results are presented in Table I .
Real sample analysis
To consider the performance of the DLLME procedure in analyzing tramadol in physiological real samples, two biological liquids (urine and blood) were analyzed. These samples were prepared from AL-Zahra Hospital in Isfahan (Iran). The solutions were diluted five times by doubly distilled water and their pH was adjusted at 12.0. Finally, the extraction procedure was performed on the solutions. The results are shown in Table II .
After DLLME process, the mass chromatograms of the blood and urine samples, prior to (a) and after spiking tramadol (b), are displayed in Figures 8 and 9 , respectively. Table III shows some critical properties of the present study compared with some previous works. According to this table, with the use of the proposed method, there is a considerable improvement in the detection limit, the linear dynamic range and the extraction time, compared with the other extraction methods for the determination of tramadol.
Conclusion
In this research, the performance of the DLLME technique coupled with GC -MS was evaluated for analyzing tramadol, first in aqueous solutions and then in urine and blood. This method is considered as a new technique in comparison with the former extraction procedures, which have been used as preconcentration methods. The analytical parameters resulting from this procedure were high enrichment factor, noticeable recovery, short analysis time, simplicity, low cost, low detection limit, order of magnitude dynamic range, reproducibility, good sensitivity and ease of operation. We could strongly recommend the use of this procedure for some fields such as pharmacology laboratories and forensic medicine. 
